
(19) RU (11) 



2 069 863 ( 3) C1 

(51) int. ci. 6 G Q1 R 27/04, G 01 N 27/02, 
27/22 



to 
o 
o> 
<p 

00 



RUSSIAN AGENCY 
FOR PATENTS AND TRADEMARKS 

< 12 > ABSTRACT OF INVENTION 



(21), (22) Application: 5066123/09, 18.06.1992 


(71) 


Applicant: 


(46) Date of publication: 27.11.1996 




Tsentral'nyj nauchno-issledovatel'skij 




institut mashinostroenija 




(72) 


Inventor: Kolesnikov N.L., 






Vasil'ev B.A., Chumenkov V.P. 




(73) 


Proprietor: 






Tsentrarnyj nauchno-issledovatel'skij 






institut mashinostroenija 



(54) ANALYZER OF GAS, LIQUID AND LOOSE MEDIA 

(57) Abstract: 

FIELD: radio engineering measurement 
facilities. SUBSTANCE: invention may find 
use in study of ecology, Earth's ionosphere, 
oceanology and other branches of economy. 
Invention is meant to increase sensitivity 
of analyzer in upper measurement limit of 
active component of impedance and to expand 
measurement range in upper limit thanks to 
enhanced capacitance of primary converter 
(probe), to capability of operation with 
companion primary converter (probe) at 
distance up to 11.0 km from resonance 
sensitive element and possibility of usage 
of primary converter (probe) with 
operational capacitance of order of 
0.1-100.0 pF. Resonance sensitive element is 
manufactured in the form oscillatory 
Circuits coupled via transformer. Secondary 
oscillatory circuit and primary converter 
(probe) connected to it are shunted by 
active resistance and capacitance. Resonance 
sensitive element is made by diagram of 
series oscillatory circuit coupled to 
generator and amplifier. Secondary 
oscillatory circuit is coupled to converter 
and generator of pulse bias voltage, its 
inductance winding is connected with its 
ends through transfer capacitances and 
double-conductor high-frequency cable to 
electrodes of primary converter. Active 
resistance and capacitance are placed 
between connection points of transfer 
capacitance with conductors high-frequency 
cable which, means shunting of circuit and 



primary converter. EFFECT: increased 
sensitivity of analyzer in upper measurement 
limit of active component of impedance. 4 dwg 




O 
co 

CO 
00 
CD 
CO 
O 
<V 



-3- 



BEST AVAILABLE COPY 



c 

to 
o 
o> 
<r> 
oo 
o> 

CO 

O 



H3o6peTeHne othocmtch k 

paA^OTeXHMMeCKMM M3MepMTe/1bHblM cpeflCTBaM 

n MOJKeT 6uTb ncnorib30BaHO An* 
nccneAosaHUM b oKonorviM, MOHOco>epe 3eMnn, 
OKeaHOJiomw \a APymx oTpacnax HapoAHoro 
xo3««CTBa, HanpMMep 3aMep Bna>KHOcTn 3epHa. 

H3BeCTHbl paflMOMaCTOTHbie \a 

pe30HaHCHO-MMneAaHCHbie paAH030HAbi , 
npuMeHfleMbie Ana M3MepeHHfl 
3netcrpo-paAnoct)vi3MMecKvix n 

Cj3M3HKO-XMMMMeCKMX XapaKTepMCTMK paSJlMHHblX 

cpeA 

C noMOiAbio HM3KOHacroTHoro nMneAaHCHoro 
paAM030HAa MccneAOBann HiDKHne oGnacTn 
noHOcctiepbi 3eMJiM. 

HeAOCTaTKOM npMMeHfleMoro 

HH3KOMaCTOTHOrO paAM030HAa ABJlfleTCfl 

HannHMe norpewHocm M3MepeHMtf, bhocmmom 

MOHHbIMM npH3JieKTpOAHblMH CJ1051MM, 

orpaHUMeHHan eMKocTb nepBMHHoro 
npeo6pa30BaTenfl [1] 

flna nccneAOBaHMfl BepxHMM" o6nacTeti 
MOHoafcepbi 3eMJin 6bin npwwieHeH 

BblCOKOMaCTOTHblCl p630HaHCHO-MMneABHCHblM 

paAH030HA c nnnoo6pa3HbiM HanpaweHMeM 
CMeiMeHMJi. 

HeAocTaTKawin era OKasanncb HM3Kan 
MyBCTBMTenbHOCTb no aKTHBHoK cocTaBnflKDinetf 
MMneAaHca, orpaHMHeHHocTb eMKOcm 
riepBHMHoro npeo6pa30Barenfl b KOMnneiae c 
coeflMHMTenbHbiM Ka6eneM [2] 

B pa6oTe [3] Ana wccneAOBaHHH MOHOcefcepw 

3eMJ1M npMMeHRnMCb HM3KOHaCTOTHblfl w 
BblCOKOMaCTOTHbIM HMneAaHCMeTpbl, 

pa6oTaK)U4ne Ha nacTOTax, MHororpaHHO 
npeBbiaiajou^MX n/ipoMamMTHyto MacTOTy 
sneicrpoHOB (f H =1 ,3 mFu,), MTo6bi ncicniOMMTb 
annflHue saMamnMeHHocTM nna3Mbi MamnTHbiM 
no/ieM 3eMJin, oah3ko c mx noMotAbio 6binn 
M3MepeHbi nnuub peaKTMBHbie cocTaBrm ratine , 
no KOTopbiM , onpeAenflJiw KOHL^eHTpau^nio 
sneicrpoHOB, a aKTMBHbie cocTaBJiflK>mne 
MMneAaHca He M3Mep5WMCb no npunuHe 
HeAocraTOMHOM HyBCTBHTe/ibHOcru ycrpowcTB. C 
i^eribKD noBbiiueHMfl ny BCTBHTe/i bHocru no 
aKTMBHofi cocTaBJiflfoiue^ MMneAaHca Ana 
AnamocTHKM pa3pe>KeHHOtf nnasiwbi 6bin 
npuMeHeH AH^epe^a^kHk^ paAM03OHA. 
oAHaKO o>KMAaeMwe pe3yjibTarbi AocTMmyTbi He 
6binn M3Mepanncb numb peaKTMBHbie 
cocTaBnaioiUkte. HeAOCTaTKaMM 
AMcJxfcepeHijManbHoro paAM030HAa oKa3anncb 

HH3Kafl HyBCTBMTenbHOCTb no aKTMBHOM" 

cocraBriflioiAeM MMneAaHca, Hannnne 
norpeujHOCTM n3MepeHM« ot uohhopo 
npusneicrpoAHoro cnofl, orpaHMHeHHOCTb 
©mkoctm nepBUMHoro npeo6pa30BaTenp [4] 

Han6onee 6jim3kmm k M3o6peTeHMK) no 
TexHMMecKO^ cyiAHOCTM i/i AOCTuraeMOMy 
pesy/ibTaTy HBrmeTCfl ycTpoflcTBO no 3a«BKe N 
4750813/25 ot 19.11.91 [5] 

Ha cfcwr. 1a npuBeAeHa 

cTpyKTypHo-npuHUnnnajibHafl cxeMa ycrpoftcTBa 
npoTOTMna. OHa coAepwMT reHepaTop 
soHAnpyioi^ero m3ctotho MOAy/inpoBaHHoro 
CMHyconAa^bHoro HanpflweHMH 1, mctohhmk 
nocTOflHHoro HanpaweHMfl 3 c sneKTpoHHbiM 

KHIOHOM 2, AByX3/ieKTpOAHblM 30HA 4, 

pe30H3HCHbiM HyscTBHTeiibHbi^ sneMeHT 5, 
BbinonHeHHbiK no cxeMe sKBUBa/ienra 
nocneAOBaTenbHoro Ko/ie6aTenbHoro KOHTypa 

CO BTOpHMHO« 06MOTKOM MHAyKTMBHOCTM H 

3ap^AHO-pa3p«AHOM L^enbio, cocToaiAeti us 
nocneAOBaTe/ibHO,coeAHHeHHbix e mkoctm C 3 m 
pe3MCTopa R 2 , coeAMHeHHoro c o6u^eM tomkom 
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cxeMbi, a eMKocTb coeAMHeHa co cpeAHeM 

TOMKO^ BTOpMHHOli 06MOTKM MHAyKTMBHOCTM M CO 

cBo6oAHbiM KOHTaKTOM pene sneKTpoHHoro 
KnioMa 2. KpoMe Toro, eMKocTb 
3apflAHO-pa3pflAHOM uenM Mepes 
pa3AenMTeribHy»o eMKocTb coeAHHeHa c 
sMMrrepHWM noBTopMTe/ieM 8, bwxoa KOToporo 

COeAMHeH C perMCTpaTOpOM HM3KOHaCTOfHOrO 

M3MepMTenbHoro CMmana U c (t) (cm. cpMr. 
26). TeHepaTop 30 ham py lou^e ro nacTOTHO 
MOAynnpoBaHHoro cnHyconAanbHoro 
Hanpn>KeHMfl 1 nepe3 npoxoAHyra eMKocTb 

BKTIIOHeH B MHAyKTMBHO-eMKOCTHyHD B6TBb 

Kone6aTenbHoro KOHTypa. YcMJiMTenb 
b bico koh acTOTHoro M3MepMTenbHoro CMmana m 
aMn/iMTyAHbi« AeTeiorop o6-beAMHeHbi b oahom 
6noKe 7 m nepe3 mctokobwR noBTopMTenb 6 
noAicnioHeH k Kone6aTenbHOMy KOHTypy b TOHKe 

COeAMHeHMH MHAyKTMBHO-eMKOCTHO^ M 

eMKocTHOfl BeTBe« KOHTypa. BbixoA 
aMnnMTyAHoro ABTeicropa coeAMHeH c 
perMcrpaTopoM. 

YcTpofiCTBO pa6oTaeT cneAyfoiAMM o6pa30M. 
Ha pe30HaHCHbitf MyBCTBMTenbHbiR sneMeHT m 
3oha OAHOBpeMeHHo noAaioT 30HAMpyioiAee 
Hanp5i)KeHMe m MMnynbCHoe Hanpn>KeHMe 
cMeiAeHMfl nono>KMTeribHoK nonfipHocTM, npM 
stom 30HA OAHOBpeMeHHo pa6oTaeT m KaK 
MMneAaHCHbift paAM030HA m KaK sneKTpMMecKMfi 
MMny/ibCHbiM 30HA. Ha 30HAMpy»oi^eM nacTOTHo 

MOAyTlUpOBaHHOM CMHyCOMAanbHOM 

Hanpfl>KeHMM npM pe30HaHce MyBCTBMTenbHoro 
sneMeHTa, M3MepaioT aKTMBHyto R m peaicrMBHyio 
X c cocTaBiiflfomue BXOAHoro MMneAaHca Z 
30HAa, norpy>KeHHoro b MccneAyeMyio nna3My, 
npM Hanpa>KeHMM cMemeHMfl, npeBbiiuaKDu^eM 
noTeHi^Man nnasMbi U n . Hanpji>KeHMe CMemeHMfl 
BbinonHfleT ABe cfcyHKqMM: oho HeMTpanM3yeT 

npMSfieKTpOAHblW MOHHbIM CJIOM, npM 3T0M 

noHM>KaeTca ypoBeHb U 1 (cm. cpMr 1b) 
BbicoKonacTOTHoro M3MepMTenbHoro CMmana m 

nOBbllLiaeTCfl TOHHOCTb M3MepeHMfl aKTMBHO^ M 

peaKTMBHOM cocTaanflioiAMX MMneAaHca, m 
cosAaeT ycnoBMfl Ann cjDopMMpoBaHMfl 
HM3KOHacTOTHoro M3MepMTenbHoro CMmana, 

4)OpMMpyeMOrO 30HAOBblM TOKOM Ha eMKOCTM 

3ap5iAHO-pa3pflAHO^ L^enM m Hecyu^ero b ce6e 

M3MepMTenbHyiO MHCjDOpMai^MKD o 



nnaBaKDLL^eM 



U n 



npOCTpaHCTBeHHOM 



U n noTeHi^Manax nna3Mbi, TeMnepaType T e m 
koh L\e HTpa M M N e sneKTpoHOB. HsMepMTenbHyw 
MHqbopMauMK) nonyMajoT nyTeM pacujMO>poBKM 
3anMcn M3MepMTeribHbix cMmanoB c noMoiAbio 
rpaAyMpoBOMHbix rpao>MKOB (cm. cpMr. 3a, 6 m 
b), nonynaeMbix npM rpaAynpoBKe ycTpoiteTBa 
nepeA 3KcnepMMeHTOM. 

PaCUIMCppOBKy 3anMCM M3MepMTef»bHbJX 

CMmanoB BbinonH^ioT b cneAywiMeCi 
nocneAOBaTeribHOCTM, Han m Han c pacuuMtf>pOBKM 
BbicoKonacTOTHoro cumana: 

Ha ynacTKax c MMHMManbHo^ aMn/iMTyAoi* 
onpeAen^JOT SHaneHMfl U 1w (t) m U 2M (t), no 
KOTopbiM c noMOiAbK) rpa0MKa o>Mr. 3a 
onpeAenflfOT 3HaHeHMH R x (t), a c noMombio 
rpac|)MKa (pwr. 36 m sHaneHMAM R(t) onpeAennioT 
Cx m aCx=C 0 -C x ; 

no 3HaHeHMAM M3MepeHHbix napaMeTpoB c 
noMombio nepBMMHbix c^yHKi^MOHa/ibHbix CBflsei^ 
onpeAenflKDT yAenbHyjo sneiapMHecKyK) 
npoBOAMMOcTb, npMpaiAeHMe AMsneicrpMHecKoCi 
npOHML^aeMOCTM Ae'. AH3/ieKTpMHecKy»o 
npoHMi^aeMocTb m TaHreHc yma 

AMsneicrpMHecKMX noTepb MccneAyeMOPi cpeAH 
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Ac <t> 

Ae'ct> = — oTH.ea 
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= 1 ± Ae'(t) OTH.eA (3) (3) 
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a=8,85/C 0 , C Q HaMa/ibHafl eMKocrb aoHfla 
(nepBMHHoro npeo6pa30BaTerm). 

KoHL\eHTpai^nio a/ieicrpoHOB N e CM' 3 , 

3C})Ct)eKTV1BHyK) MaCTOTy CTOfiKHOBeHHfl 

aneicrpoHOB vC^c* 1 onpeAeJi«K)T H3 
coBMecTHcro peujeHM* ypaBHeHU^ Arm a n 0&, 
o6-beflHHflKDU4nx b ce6e M3MepeHHbie m 
onpeAenaeMbie napaMetpbt [5] 
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U<%> ~ Z, 82*10 



(5) 



Ae' <t> = 3,i9«io~ 



N V 



CM/M C5> 



-OTH.ea <b> 



(6) 

Onpeflen^JOT Aaanenne P MOHH30saHHoro 
ra3a b npn30HAOBotf o6nacTM 

P(t) = 1 .43.10- 11 v3 C| , ct) (t) a™ (7) (7) 

H nsKOMacTOTHbi H3MepnTeribHbjtf cvtman 

paCULJMCfDpOBblBaiOT B T3KOfi 

nccneAOBaTeiibHocTM : 

onpeflenflMDT npocTpaHCTBeHHbifi U n u 
nnaBatou^n^ U™ noTeHi^na^bi nxia3MW no 
M3MepMTenbHOMy cumany: 
. U n =OU„(B);U nn =-OUnn(B)(8) 

onpeAen«K)T TeMnepaTypy aneicrpoHOB T e , 
ncnonb3yfl M3BecTHb»e cooTHOUJeHun [6, 7, 9] 



-<K> = 
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rAe e 3apflA a/ieiapoHa; 

y=5,04 Anfl aTMoccfeepbi; 

k nocTOPHHan BonbUMaHa; 

rrii m m e Macca noHa m Macca aneicrpoHa; 

onpeAejinroT tok HacbimeHMfl aneKTpoHOB I eo 

AU^ (10) 

I = 7 <A> 

eo At, 

rAe AU n M3MeHeHMe HanpfweHUH Ha 30HAe n 
aapflAHo-paspflAHoPi L^enn sa BpeMfl At Ha 
ynacTKe BC; 

Cr cyMMapHafl eMKOCTb 3ap*AHO-pa3pflAHoPi 
L^enn, KOTopaw onpeAermeTca npw rpaAynpoBKe 
ycTpowcTBa nocTosHHbiM tokom (cm. c^wr. 3b); 

onpeAeri^MDT KOHijeHTpam/iJo 



snejcrpoHOB n' 
cx>OTHOLueHwe [6] 



ncnojib3yfl nsBecTHoe 



N' = 4,03*10 



(11). 



13 



2 

(A/CM > 



-CM 



-3 



10 



15 



20 



25 



30 



40 



45 



50 



55 



60 



nnoTHOCTb 

S (CM 2 ) 



3Aecb jeo= leo/S (A/CM 2 ) 
sneicrpoHHoro TOKa HacbiineHMfl. 
pa6ona« nnomaAb 30HAa. 

Ha 3tom pacujna>poBKa H3MepnTenbHbix 
cumanoB 3aicaHHMBaeTcn. 

HeAocTaTKaMM npoTOTuna n Apyrux 

M3BeCTHblX pe30HaHCHO-HMneAaHCHblX 
MSMepMTe/lbHblX yCTpOMCTB flBJlflKJTCfl: 

orpaHnneHHOCTb eMKOCTH m raGapnTOB 
nepBMMHoro npeoo"pa30BaTerm (30HAa, AaTHwea, 
M3MepnTe/ibHoPi HHefiKH), hto orpaHMMMBaeT 

MyBCTBHTe/lbHOCTb yCTDOfiCTBa no 3KTHBHOM 

cocTaB/ifliomefi MMneAaHca; 

OrpaHMMeHHOCTb ATlMHbl SneKTpHMeCKOM 

jimhmm, coeAUHfljoiAevi pesoHaHCHbifl 

MyBCTBMTeJlbHbl^ 3/ieMBHT C nepBMHHbIM 

npeo6pa30BaTe/ieM, TaK kbk HanMiuHqn eMKOCTb 
An» PM3 (pe30HaHCHbiti MyBCTBMTejibHbiCi 
3/ieMeHT) nponopi^MOHanbHa AHMHe stom jimhmm. 

MMeHHO 3TM HeAOCTaTKM orpaHUMnsaiOT 
npMMeHeHne pe30HaHCHo-MMneAaHCHbix 
MeTOAOB v\ ycTpoCicTB Ana mx peajinsauMM b 
3KOJiornM, KapoTaxe Hea>T*Hbix ckb3>kmh, 
ruAPonorviM, OKeaHonomn, ynpaBneHnn 
npon3BOACTBeHHbiMH npoueccaMM m Apyrux 
ycnoBUflx, rAe Tpe6yeTcn npuMeneHMe 
BbiHocHbDC nepBMMHbix npeo6pa30BaTejiefi n 
npeo6pa30Barerje^ c 6onbLuoM paobMeM 

eMKOCTb tO. 

L4enb M3o6peTeHMfl 3aKnK)MaeTCfl b 
noBbiiueHMH My bct b UTO/ib h octm ycTpoPicTBa no 
BepxHeMy npeAeny M3MepeHnPi aKTHBHo^ 
cocTaBJifliOL^e^ MMneAaHca n pacainpeHMfl 
Anana30Ha M3MepeHM« no BepxHeMy npeAeny 3a 
cneT yBeriMHeHMfl eMKocTn nepBMMHoro 
npeo6pa30BaTeiiyi (30HAaj, bo3mo>khoctm 

pa^OTaTb C BblHOCHbIM nepBMMHblM 

npeo6pa30BaTerieM (30haom) na paccTOHHHM 
10-100 m ot pe30HaHCHoro nyBCTBHTeribHoro 
3/ieMeHTa n bosmo>khoctm npuMeHeHMfi 
nepBUMHoro npeo6pa30saTejifl (aoHfla) c 
pa6oHeti eMKOCTbKD nop^AKa 0,1 ao 100 nefc. 

Menb AOCTuraeTcn b pesynbTaTe 
npuMeHeHMfl PM3, Bbino/iHeHHoro b BMAe 
TpaHco>opMaTopHo cB«3aHHbix KO/ie6aTenbHbix 

KOHTypOB, npHHeM BTOpi/IMHblM KO/ie6aTe/lbHblPl 
KOHTyp M COe AH He H H bl ^ C HUM nepBMMHblM 

npeo6pa30BaTerib (soha) samyHTMpoBaHbi 

aKTMBHbIM COnpOTMBJieHMeM H eMKOCTbK). 

riepBHHHbift pesoHaHCHbi^ Koxie6aTenbHbi« 
KOHTyp (PH3) Bbino/iHeH no cxeMe 3KBMBaneHTa 
nocneAOBaTe/ibHoro KoneGaTenbHoro KOHTypa, 
oh cBH3aH c reHepaTopoM 30HAnpytoinero 
Hanp«>KeHMfl n ycunnTeneM M3MepnTexibHoro 
CMrHana. Btophhhw^ KO/ie6aTexibHb!« KOHTyp 
cB«3aH c npeo6pa30BaTe/ieM n reHepaTopoM 
HMnyjibCHoro Hanp«xeHMfl CMemeHMfl, b HeM 

OCMOTKa MHAyKTMBHOCTM CBOMMM KOH14aMM Hepe3 

npoxoAHbie eMKOCTM C 3 h C 5 m Asyx>KviribHbiP) 
BbicoKonacTOTHbiM Ka6e/ib coeAMHeHa c 
3/ieKTpoAaMM nepBMMHoro npeo6pa30BaTe/i5i, 
npn 3tom napanne/ibHo cBA3aHHbie aKTMBHoe 
conpoTMB/ieHkie n eMKOCTb C 4 BKmoneHbi 
Me>KAy TOMK3MM coeAHHeHM« npoxoAHbix 
eMKOcrefi c >KM/iaMM BbicoKOMacTOTHoro Ka6e/ifl, 
hto 03HanaeT ujyHTupoBaHMe KOHTypa h 
nepBMMHoro npeo6pa30BaTenfl. HanpflxeHMe 
CMemeHUfl noAaeTca a cpeAHraio TOMKy 
ujyHTMpytoiAero conpoTMBneHUfl R w , KOTopoe 
coctomt M3 AByx paBHbix nocneAOBaTeribHo 
BKnJoneHHbix pe3MCTopoa R 2 + R3=2 R 2 =2 Ra, 
eMKOCTb C LU = C 4 He MeHee neM Ha nopHAOK 
npeBbimaeT pesoHancHyio eMKOCTb An« AaHHoro 
Kone6aTeribHoro KOHTypa. Ka>KAan M3 
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npoxoAHbix eMKOCTeCi b &&a pasa npeBbiuuaeT 
pe30HaHCHyio eMKOCTb KOHTypa. LUyHTupyiomee 
conpoTkiBJieHne paBHo yABoeHHOMy 3HaMeHMK) 
conpoTWBJieHHs no BepxHeiviy npeAeny 
Anana30Ha H3MepeHnfl ycTpotfcTBa 6e3 niyHra. 
noA6npafi ujyHTHpyjomee conpoTMBneHne 

M3M8H51HDT AHana30H H3MGpeHHM aKTHBHOM 

cocTaBnHKDLL^eui Ha ABa-Tpn nop^AKa. 
AHanorMMHO, M3MeHflfl 3HaneHHfl niyHTMpyjoujeft 
eMKOCTM, M3MeH5ifOT Awana30H H3MepeHnft no 

peaKTMBHOfi COCTa BTlfl K) LL^e M . LUyHTMpOBaHMa 

KOHTypa m 30Hfla noBbiujaeT MyBCTBMTeribHocTb w 
pacujupneT Anarta30H n3MepeHna no BepxHewiy 
npeAeny aKTMBHofi cocTaanaiotuefi MMneAaHca. 
QJyHTMpoBaHne KOHTypa eMKocTbio noBbiujaeT 

HyBCTBMTe/lbHOCTb no aKTMBHO^ COCTaBTlflJOU^e^ 

MMneAaHca nponopLjHOHanbHO yBennneHMK) 
eMKocTM nepBMMHoro npeo6pa30BaTerifl n 
no3BonfleT yAHUHATb coeAHHMTertbHbifl Ka6enb h 

pa60TaTb C BblHOCHbIM nepBMHHblM 

npeo6pa30BaTeneM, yAaneHHbiM or PH3 Ha 
AecnTKM MeTpOB. 

CpaBHeHwe npeAnoaceHHoro peweHMH c 
npoTOTMnoM h ApyrviMH petueHUflMM sToro >Ke 
HanpaBneHUA noKa3ano, hto npeAnaraeMoe 
yorpotfcTBO Ann aHann3a ra30Bbix, >kwakhx u 
cwnynux cpeA oTnHMaeTca BbicoKotf 

MyBCTBHTSJlbHOCTbK) no aKTHBHOtf 

cocTaBJiwioii^eM MMneAaHca m tunpokuM 
AnanasoHOM HSMepeHwtf, MHororpaHHOCTbK) 
npuMeHeHMM. 

M3o6peTeHne noflCHfleTca <£nr. 1 4. 

Ha cpMr. 1 noKa3aHa 

CTpyKTypHO-npuHLAnnnanbHaji cxewia yorpoPicTBa 
npoTOTuna; Ha <pv\r. 2 a) 
cTpyKTypHo-npuHi^nnnanbHafl cxeMa ycTpoPicTBa 
3ayian»eMoro w3o6peTeHWfl, 6) cpopMa 
Hanp^JKeHMfl CMemeHUH, b) cfcopMa 
MSMepnTeribHoro cumana; Ha <£nr. 3 4>opMa 
rpaAynpoBOHHbix rpacfcwKOB ycTpoflcTB 
npoTornna h 3aflBnneMoro ycTpoficTBa; na o>nr. 
4 cfeopMa rpaAynpoBOMHoro rpacfwKa ycrpotfcTBa 

no COnpOTMBJieHMMD \A eMKOCTM Mepe3 nUKOBblM M 
CMHXpOHHO-nHKOBblM A&TeKTOpbl. 

Ha c£nr. 2a npMBeAeHa 

CTpyKTypHo-npnHi4nnnanbHaH cxewia 
3anBnneMoro ycTpoficTBa c pa3BepHyrofi 
npuHL^nnwanbHoPi cxeMOfi pe30HaHCHoro 
nyBCTBHTenbHoro sneMeHTa (PM3) w 
3apflAHO-pa3pjiAHoCi i4enn (3P). OHa coAep>KHT 
reHepaTop 30HAnpyioiAero HanpnweHna 1, 
reHepaTop MOAynnpyioinero HanpaweHHfl 2, 
pe30HaHCHbifi MyBCTBHTeribHbiii sneMeHT 3, 
nepBMHHbiPl npeo6pa30BaTenb 4 b KOMnneicre c 

BblCOKOMaCTOTHbIM Ka6e/ieM, COeAUHflHDlUM^ 

nepBMHHblM npeo6pa30BaTenb c pe30HaHCHbiM 
HyBCTBMTenbHbiM sneMeHTOM, aneicrpoHHbitf 

KT1JOH 5 H HCTOMHMK nOCTOfl H HOfO HanpflweHna 6, 
MCTOKOBblfl nOBTOpHTerib 7, MCTOKOBbltf 

noBTopnTerib 8, ycwnwTenb b bico koh acTOTH oro 
cumaria 9, b KOMnneiae c hum aMnnnryAHbiPi 
A©Te KTop, nuKOBbiC^ AeTeKTop 10, 
cHHxpoHHo-nHKOBbivi A©TeKTop 12, ynpaBJineMbiM 
MOAynnpyjou^HM HanpjwceHweM, noAaBaeMbiM ot 
reHepaTopa 2 Mepe3 pa3Bfl3biBaioiAMCi 6jiok 1 1 , 
!4MC{)poBoCi perHCTpaTop MSMepnTenbHbix 
cMmanoB 13. 

Pa6oTaeT ycrpoMCTBo no npnHL\nny 
pe3OHaHCHo-MMneAaHCH0ro MeTOAa n3wepeHnPt: 
Ha PM3 m nepBMMHbiM npeo6pa30BaTenb (3oha) 
OAHOBpeMeHHO noAaioT 30HAnpyK)ii\ee 
HacTOTHO-MOAyJiMpoBaHHoe cMHyconAanbHoe 
Hanpa>KeHMe ot reHepaTopa 1 m MMnynbCHoe 
HanpflweHi/ie civieiAeHMfl ot renepaTOpa 5, 
aMnnuTyAa nMnyribcoB b ABa-Tpn pa3a 
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npeBbiiuaeT noreHi^nan nna3Mbi (npocrpaHCTBa). 
B PH9 H aCTOTH o-m OAyJi m poBa H HOB 

cMHycoiiAanbHoe HanpnKeHHe 
npeo6pa30BbiBaeTC« b 
aMnriMTyAHo-MOAynnpoBaHHoe CMHycoMAanbHoe 
Hanpn>KeHne m cTaHOBHTca M3MepnTenbHbiM 
b bicoKOH acTOTH bi m cumanoM. HanpflKeHMe 
CMemeHun 3apyiAHB 3P i^enb n nepBHMHbii^ 
npeo6pa30BaTenb ao nMnynbCHoro 3HaneHMfl 
OTKJIIOHaeTCfl, B 3TOT MOMeHT 3P i^enb HaMMHaeT 
pa3pfl>KaTbC* 30HAOBblM TOKOM \ eo. "pM 3TOM 

Ha ewiKOCTM 3P L^enn c})opMMpyeTCfl 
HM3KOMacTOTHbiM M3MepnTenbHbJii cumaji B BMAe 
Hanpfl>KeHHfl U c (t) (cm. cf)nr. 26). 
BbicoKOHacTOTHbi^ n3MepnTenbHW^ CMman c 
BbixoAa PM3 nocTynaeT Ha MCTOKOBbiB 
noBTopnTenb, 3aTeM Ha ycwiMTertb, 
aMnnMTyAHbiPi AeTeKTop; c oahoto M3 BbixoAOB 
aMruiMTyAHoro AeTeicropa M3MepMTejibHbi^ 
cm man U«j t 2 nocTynaeT Ha perwcTpaTop, c 
Apyroro BbixoAa nocTynaeT Ha nwKOBbifi 
AeTeKTop, na BbixoAa KOTOporo cuman 
U ! nonyMaeTCfl b bmao HenpepbiBHoCi ^hhmm; c 
TpeTbero BbixoAa aMnnnTyAHoro AeTeiaopa 
cuman nocTynaeT Ha cHHxpoHHo-nMKOBbitf 
AeTeKTop, a Ha era BbixoAe nonynaeTc^ U2 b 
bma© HenpepbiBHOM jimhmw (cm. rpaAynpoBOHHbiii 
rpacJwK cj3nr.4). Ha ct»nr. 2b noKa3aHa c^opMa 
M3MepnTeribHoro cumana U 1( 2, cfcopMMpyeMaa b 
TeneHne oahofo nepnoAa Hanpa;KeHMf? 
CMeiAeHHA. Bmaho, hto ypoBeHb U-j npuHMMaeT 
HeKOTopbiw MMHMMyM U 1m , KorAa HanpHKeHne 
cMeu4eHnn npeBbiiuaeT noTeHunan nna3Mbi 
(npocTpaHCTBa) b npn30HAOBoC^ o6nacTM. 3to 
ynacTOK BC (cf)nr. 26), Ha kotopom 

H M 3 KOM aCTOTH bl \A M3MepHTenbHbltl cMmaii 

U c (t) =u 3(t) HMeeT nnHefiHyK) cf>opMy, 
cneAOBaTenbHo, oh cfcopMi/ipyeTCfl nocTOAHHWM 

3fieKTpOHHblM TOKOM HaCblli^eHMf! npii 

OTcyTCTBHn noHHoro cjiofl. YposeHb 
U i>U 1m HaenioAaeTcn Ha ynacTKax, rAe Ha 
aneiapoAax 30HAa npucyTCTByeT noHHbie cjiom 
3to yqacTKM Cfl m flE, a na ynacTKe flE Ha 3oha 
OAHOBpeMeHHO nocTynaKDT paBHbie KonHnecTBa 
aneicrpoHOB n mohob, o6pa30BaBLUntic« npn 
gtom noTeHUMan U^, Ha3btBaeTCJi nnaBaiotAMM 
noTeHunanoM nna3Mbi. 

riepeA OKcnepHMeHTOM ycTpoPicTBo 
rpaAynpyraT no conpoTMBJieHHK) R x ui no 
eMKOCTn Cx; 4)opMa rpaAynposoMHbix rpacf)MKOB 
npuBeAeHa Ha <£w\ 3 v\ cf)Mr. 4. PaciunabpoBKy 
3anncn MSMepnTenbHwx cnmanoB BbinonnflioT b 
cneAytoiAeM nocneAOBaTeribHOCTM, HannHa5i c 
pacoincfcpoBKM BbicoKOMacroTHoro cumana: 

na ynacTKax c MMHMMaribHbiM ypoBHeM 
U 1m onpeAeriflKDT 3HaneHMfl U i M (t) n U2M(t), 
no KOTopbiM c noMoiAbio rpaAynpoBOMHoro 
rpao>MKa Tuna 4)nr. 3a onpeAenajOT R x (t), a c 
noMOiAbK) rpa$HKa Tuna c()nr. 36 m 3HaMeHui* 
R x (t) onpeAen«»OT 3HaHeHMfl C x m aCx= C 0 -C x ; 

onpeAenaioT yAeribHyio GneiapMHecKyjo 
npoBOAHMocTb a, npupau^eHne 

AManeKTpuHecKO^ npoHHi^aeMOCTM De*. 
AH3/i8KTpnHecKyK) npoHutqaeMocTb sf n TaHreHc 
yma AH3/ieKTpnMecKnx noTepb, ncnorib3yfl 
M3MepeHHbie BennHUHbi m nepBMMHbie 

CJjyHKUMOHa/lbHbie C8fl3M 

(12) 
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act) = - 

H(t) 

Ac 

Ae'<t> = — - 
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e'(t) = 1±Ae'(t)OTH.eA(14) 
± (15) 
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KoHi^eHTpaunK) aneKTpoHOB N B cm" 3 m 

3CpCj)eKTHBHyiO MaCTOTy CTOJlKHOBeHMfl 

aneKTpoHOB vC^^c' 1 onpeAejinioT ms 
coBMecTHoro peiueHMH ypaBHeHMtf Ann a h De 7 , 
o6-beAHH«K)u^MX b ce6e n3MepeHHbie m 
onpeAe/i«eMbie napaiweTpw 



act,> = Z,82*10 
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onpeAe/iflioT AaB/ieHne P MOHMSOBaHHoro 
ra3a b npM30HA0BOM o6/iacrn 

P(t)=1,43,1O- 11 v 304) aTM(18) 

Hw3KOMacTOTHbifl H3MepMTenbHbi« cwmaji 
paciuncf)poBbiBaK)T b ra«ofl 

nocneAOBaTenbHOCTn : 

onpeAermioT npocTpaHCTBeHHbiM U n n 
rinaBaiomvitf noTeHi^nanw 

U n =OU n (B); Unn-OUnnfB) (19) 

onpeAenflHDT TeMnepaTypy aneKTpoHOB T e> 
ncnonbayfl M3BecTHbie cooTHotueHUP 

u u (20) 
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e 3ap«A 3/ieicrpoHa, w y=5,04' -5,04 
nocTo^HHafl Ann aTMocxfcepbi, k nocTOAHHaa 
Bonbt^MaHa, mj n m e Macca MOHa n Macca 
aneicrpoHa; 

onpeAejiniOT 3HaneHMe arieiapoHHoro TOKa 
HacbimeHMfl I eo 

AU „ c s < 21 >. 
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3Aecb AU n M3MeHeHne HanpaxeHMH Ha 
cyMMapHofi eMKOCTM Cz 3a BpeMfl Dt, A 
cyMMapHafl eMKOdb 3P L^enn, KOTopaa 
onpeAermeTca npn rpaAynpoBKe ycTpoiteTBa 
nocroflHHbiM tokom (cfwr. 3b); 

onpeAe/iflJOT KOHi^eHTpai^nio 3/ieKrpoHOB 
N' e , ncnonb3yn M3BecTHbie cooTHOiueHM* 



N = 4,03»10 
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(22) 

rAe \ eo =\ e JS (A/cm 2 rmoTHOCTb aneiapoHHoro 
TOKa HacbimeHwa; 

S (cm 2 ) pa6oMaq nnomaAb nepBMMHoro 
npeo6pa30BaTe/ifl (30HAa). 

Ha stom pactUHcjDpoBKa M3MepnrenbHoii 

MH4>OpMai4HM saKOHMGHa. 

Pe3yjibTaTbi M3MepeHwfi, nonyMaeMbie 

pe30HaHCHO-MMneHAaHCHblM MeTOAOM, 
TOJKAeCTBeHHO OAHHaKOBbl K3K b npoTOTMne, TaK 
H B 3a«BJ15ieMOM M306peTeHMM. OAHaKO 

3aflanfieMoe yorpotfcTBo no3BonneT pacujkipMTb 
AnanasoH n3MepeHMfi aKTMBHOM cocTaBrmwmeM 
Ha no/iTopa ABa nop*AKa 3a cneT yBennneHMH 
eMKOCTM nepBMMHoro npeo6pa308aTe/ifl no 
cpaBHeHUfo c npoTOTunoM m, KpoMe Toro, 
3aflarmeMoe ycTpotfcTBO nosBormeT pa6oTaTb c 
BbiHOCHbiM nepBMMHbiM npeo6pa30BaTeneM 
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(30HAOM) Ha paCCTOflHUH AO 11 KM OT 

pe30HaHCHoro MyBCTBMTenbHoro aneMeHTa. 
riocneAHee no3Bonf?eT npoBOAMTb n3MepeHMfl b 
my6nHax npo6ypeHHbix ckb3>khh, b my6nHax 
Mopeft, OK63HOB, b soHax, pa© neinoBeKy onacHO 
HaxoAMTbCJi (npn HannMnn oTpasriflioLUMX 
BetnecTB, paAnaL^MOHHaH . onacHocTb m T.n. 
3apaxeHHbix cpeAax), b pasjiUMHbix 
TpyAHOAOCTynHbix MecTax. 

1. KpacHyitiKMH E.n. m KonecHUKOB H.J1. 
reoManneTH3M m aopoHOMMn. 1965, 5, N 1, c.55. 

2. KonecHUKOB H.J1. n AP- Abt.cb. N 388221. 

3. AKcenoB B.M. m AP- KocMMMecKne 
nccneAOBaHMP. 1976, N 3, c.392. 

4. KonecHUKOB H./1. n AP- Cnoco6 M3MepeHnn 
MMneHAaHca n/ia3Mbi. Abt.cb. N 458749. 

5. KonecHUKOB HJ1. m AP- 3a«BKa N 
4750813/25 ot 19.11.91. 

6. TpaHOBCKMii B.J1. 3/ieKTpnHecKnPi tok b 
ra3ax t t.1, M. 1952. 

7. TnH36ypr B.J1, PacnpeAe/ieHMe 
anejcrpoMarHMTHbix bojih b nna3Me. M. HayKa, 
1976 r. 

8. flonyxaHOB M.H. PacnpocTpaHeHne 
paAMOBoriH. M. 1960 r. 

9. IUbhjikhh B.H. m AP- <t>H3HMecKafl 
o/iejcrpoHUKa b 3aAanax. M. HayKa, 1977 r. 

10. HMKOJiaeB B.M. PaAMOTexHMKa m 
onekTpoHMKa, 1986, t.31. N 6, c.206. 

OopMyna M3o6peTeHMfl: 

YcTpoi^CTBo Ann aHann3a ra30Bbrx, kmakmx m 
cbtnyMMx cpeA. coAep>Kau4ee 3gha, reHepaTop. 
30HAnpyioinero HanpjraceHHH, k BXOAy KOToporo 
noAcoeAHHeH reHepaTop cnHyconAanbHoro 
MOAyn m py HDiAero HanpwKeHMn. pe30HaHCHbiM 
HyBCTBMTenbHbi^ 3/ieMeHT n nocneAOBaTenbHo 
coeAMHeHHbie ycunnTerib 1 BbicoKOM MacTOTbi . m 
aMn/iMTyAHbJM AeTeicrop, OTjiUHaioii^eecfl reM, 
mto BBeAeHbi nocneAOBaTenbHo coeAHHeHHbie 
nuKOBbiw AeTeiaop w u;n4)poneHaTaK3imi« 
pemcTpaTop, nepBbifi MCTOKOBbiM noBTopiiTerib, 
bwxoa KOToporo coeAMHen c bxoaom ycunnfejifl 

BblCOKOft MaCTOTbl, BTOpO« HCTOKOBblM 

noBTOpMTe/ib m pa3Bfl3biBafomvifl 6jiok, 
BKnioHeHHbiPi Mewy BbixoAOM reHepaTopa 
MOAynnpyioinero Hanp5?>KeHMfl n nepswM 
bxoaom BBeAeHHoro CMHxpoHHoro AeTeiaopa, 
mctomhmk nocTOHHHoro Hanpn>KeHnn CMei^eHM«, 
OTpHL^aTeribHbiR nonioc KOToporo coeAMHeH c 
o6me^ utMHOi^, a nonoKMTenbHbii^ non»oc Mepe3 
nepBbifi pesncTop coeAMHeH c noABMXHWM 

KOHTaKTOM 3/ieKTpOHHOrO pefie, HOpMa/lbHO 

pa30MKHyTbiM KOHTaKt KOToporo coeAMHeH nepe3 
nepBbiPt KOHAeHcaTop c bxoaom BToporo 
ncTOKOBoro noBTopnTerifl, a nepe3 
nocneAOBaTenbHo coeAMHeHHbie btopom 
KOHAeHcaTop n BTopoii pe3MCTop c o6meM 
ujmhom, bwxoa aMnnnTyAHoro AeTeKTopa 

COeAHHeH C BTOpbIM BXOAOM CMHXDOHHOrO 

AeTeKTopa m nepe3 nnKOBbi« AeTeKTop c nepBbiM 
bxoaom i^M4)poneMaTaioiAero perncTpaTopa, k 
BTopoMy BXOAy KOToporo noAKnioHeH bwxoa 
CMHxpoHHoro AeTeKTopa, npn 3tom pe30HaHCHbift 
MyBCTBMTenbHbitf aneMeHT Bbino/iHeH b BMAe 

AByX TpaHC0OpMaTOpHO CBfl3aHHblX KOHTypOB, 

Ka>KAbifi KOHeij nepBu^HOM o6motkm KOToporo 
Mepe3 cooTBeTCTBytoiAM^ npoxoAHoi^ 
KOHAeHcaTop coeAMHeH c o6metf qjmhoPi, k 
OAHOMy KOHL^y nepBHHHotf o6motkm Mepe3 
TpeTMt^ pesMCTop noAKfiKDHeH buxoa reHepaTopa 
soHAMpyiou^ero Hanpfl>KeHMn, a APyroi^ KOHeu 
coeAMHeH Mepe3 TpeTMtf KOHAeHcaTop c bxoaom 
nepBoro mctokobohd noBTopMTenn, a k Ka^AOMy 
KOHLjy BTopMHHoii o6motkm pe30HaHCHoro 
MyBCTBMTeribHoro aneMeHTa nepes npoxoAHoPi 
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KOHAeHcaTop H COOTBeTCTByiOIHHPl npOBOflHMK pe3Mcrop, cpeAHflfl TOMKa KOToporo coeAMHeHa c * 

AByxxwribHoro BbicoKOMacTOTHoro Ka6eji*i HopMa/ibHo pa30MKHyTbiM koht3ktom 

noAKniOMeH 3oha h napannenbHO coeAHHeHHbie aneicrpoHfioro pene. 
^eTBepTbi^ KOHAeHcaTop m ojyH™pyK>mntf 
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